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PLASMA TREATING DEVICE 




Abstract of JP 8316214 (A) 
PURPOSE: To reduce reflection power returning to a liigh- 
firequency power supply for electrode by Inserting a low- 
pass filter where a cut-off frequency is higher than that of 
a high-frequency voltage to be applied to each electrode 
t>etween each high-frequency power supply each 
electrode and a matching circuit. CONSTITUTION: Three 
electrodes 2-4 are arranged within a vacuum container 1 
and hl£^firequency power supplies 8-10 for power supply 
are connected to the electrodes 2-4 via matching circuits 
5-7, The amplitudes of high-frequency voltages applied to 
the electrodes 2-4 by the high-frequency power supplies 
8-10 for electrode are nearly equal, the phases are shifted 
by 120 deg., and the frequency is 50MHz.; Low-pass 
filters 14-16 with a cut-off frequency of 65MHz are Inserted 
between the high-frequency power supplies 8-10 for 
electrode and matching circuits 5-7, thus reducing 
reflection power returning to a high-frequency power 
supply for electrode. 




riT 



Data suQ 



http://v3.espacenetcom/publicationDetails/biblio?KC=A&date=1 9961 1 29&NR=83... 2008/1 0/30 



JP,08-.316214,A [DETAILED DESCRIPTION] 



Page 1 of 8 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to plasma treatment apparatus, such as a dry 

etching system, a plasma CVD device, and a sputtering system. 

[0002] 

[Description of the Prior Art]ln recent years, in order to realize processing of a high aspect 

ratio, etc. in dry etching technology corresponding to the minuteness making of a 

semiconductor device, and in order to realize embedding of a high aspect ratio, etc. in plasma- 

CVD art, performing plasma treatment by a high vacuum more is called for. 

[0003] In the case of a dry etching system, since the probability that ion will collide with ion or 

other neutral gas particles in the ion sheath formed in a substrate face will become small if 

plasma is generated in a high vacuum, A set and etching anisotropy are improved toward a 

substrate and processing of a high aspect ratio of the directivity of ion is attained. 

[0004]ln the case of plasma CVD, if plasma is generated in a high vacuum, the embedding and 

planation of a minute pattern will be obtained by the sputtering effect by ion, and the 

embedding which is a high aspect ratio will become possible. 

[0005]There is a RISAJU electron plasma treatment apparatus as one of the plasma treatment 
apparatus which can generate plasma in a high vacuum. The lineblock diagram of a RISAJU 
electron plasma treatment apparatus is shown in drawing 5 . 

[0006]ln drawing 5 , the three electrodes 2, 3, and 4 are arranged in the vacuum housing 1, and 
RF generators 8, 9, and 10 for electrodes are connected to each electrodes 2, 3, and 4 via the 
matching networks 5, 6, and 7. As for the high frequency voltage impressed to the electrodes 
2, 3, and 4 by RF generators 8, 9, and 10 for electrodes, amplitude is almost equal and 120 
degrees of phases are mutually shifted at a time. 

[0007]Exhausting introducing gas suitable in the vacuum housing 1, and maintaining the inside 
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of the vacuum housing 1 at a suitable pressure. If high frequency voltage is impressed to the 
electrodes 2, 3, and 4 by RF generators 8, 9, and 10 for electrodes, plasma occurs in the 
vacuum housing 1 and plasma treatment, such as etching, deposition, and surface treatment, 
can be perfomried to the substrate 12 laid in the sample table 1 1 . 

[0008]At this time, the ion energy which reaches the substrate 12 is controllable by impressing 
high frequency voltage also to the sample table 1 1 by RF generator 13 for sample tables to be 
shown in drawing 5 , About the RISAJU electron plasma treatment apparatus, it is indicated in 
detail by JP,4-215430,A. 

[0009]Three or more electrodes are arranged not only a RISAJU electron plasma treatment 
apparatus but in a vacuum housing, Each of three or more electrodes is connected with the RF 
generator for electrodes via a matching network, A phase impresses an RF generator which is 
different in arrangement order to each of three or more electrodes, plasma is generated, and 
some plasma treatment apparatus which processed the substrate laid in the sample table 
formed in the vacuum housing are type [ various ]. For example, in the multiple-targets-type 
sputtering system, three or more sputtering targets are used as an electrode as they are. 
[0010] 

[Problem(s) to be Solved by the Invention] However, in the plasma treatment apparatus of 
composition of having been shown in drawing 5 , even if it controls each matching networks 5, 
6, and 7 in the optimal state, about 10% of reflection electric power of the supplied power to 
each electrodes 2, 3, and 4 will return to each RF generators 8, 9, and 10. Since there was a 
possibility of damaging RF generators 8, 9, and 10 for electrodes when a size with reflection 
electric power is reached, after no less than 10% of reflection electric power occurred, there 
was a problem that it could not do to switch on large electric power since processing speed is 
gathered, for example. 

[001 1]Generally with the plasma treatment apparatus using an RF generator. Although the 
signal from a probe formed in the matching network is fed back to a matching network control 
device (not shown to drawing 5 ) and the matching network is automatically controlled in the 
optimal state (this is hereafter called automatic matching), By the method shown in drawing 5 , 
while the automatic matching did not operate well but looked at the indicated value of the 
reflection-electric-power meter, there was a problem that a matching network had to be 
operated manually. 

[0012]ln the plasma treatment apparatus of the method shown in drawing 5 , when high 
frequency voltage was impressed also to the sample table 11 by RF generator 13 for sample 
tables, there was a tendency for reflection electric power to become larger compared with the 
case where high frequency voltage is not impressed to the sample table 1 1 . 
[0013]This invention can decrease the reflection electric power which returns to the RF 
generator for electrodes in view of the above-mentioned conventional problem, and an object 
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of this invention is to provide the plasma treatment apparatus which can secure normal 

operation of automatic matching. 

[0014] 

[Means for Solving the Problem]As for a plasma treatment apparatus of the 1st invention of 
this application, three or more electrodes are arranged in a vacuum housing, Each of each 
electrode is connected with an RF generator for electrodes via a matching network, A phase 
impresses high frequency voltage which is different in arrangement order to each of three or 
more electrodes, and plasma is generated, It is a plasma treatment apparatus which 
processes a substrate laid in a sample table formed in a vacuum housing, and a low pass filter 
with larger cutoff frequency than frequency of high frequency voltage impressed to each 
electrode was inserted between each RF generator for electrodes and matching network. 
[001 5]A plasma treatment apparatus of the 2nd invention of this application inserted the same 
low pass filter as the 1st invention between a matching network and an electrode. 
[0016]As for cutoff frequency of the above-mentioned low pass filter, it is preferred that it is 
smaller than the twice of frequency of high frequency voltage impressed to each electrode, and 
it is preferred to have a means to impress high frequency voltage to a sample table. 
[0017]Have a plasma treatment apparatus of the 3rd invention of this application, and a means 
to impress high frequency voltage whose frequency is lower than high frequency voltage 
impressed to each electrode to a sample table between each RF generator for electrodes and 
matching network, A band pass filter with a low cut off frequency smaller than frequency of 
high frequency voltage impressed to each electrode more greatly than frequency of high 
frequency voltage impressed to a sample table and a larger treble cut off frequency than 
frequency of high frequency voltage impressed to each electrode was inserted. 
[0018]A plasma treatment apparatus of the 4th invention of this application inserted the same 
band pass filter as the 3rd invention between a matching network and an electrode. 
[0019]As for a treble cut off frequency of the above-mentioned band pass filter, it is preferred 
that it is smaller than the twice of frequency of high frequency voltage impressed to each 
electrode. 
[0020] 

[Function]ln the RISAJU electron plasma treatment apparatus etc., although the cause which 
big reflection electric power generates was not conventionally clear, when this invention 
persons analyzed a reflection-electric-power waveform, it traced that the harmonic content of 
reflection electric power of the high frequency voltage impressed to an electrode was 
dominant. It also turned out that the reflection-electric-power wave which consists of this 
harmonic content has barred operation of automatic matching. 

[0021]Therefore, according to the 1st invention of this application, since the low pass filter with 
larger cutoff frequency than the frequency of the high frequency voltage impressed to an 
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electrode is inserted between each RF generator for electrodes and matching network, the 
reflection electric power which returns to the RF generator for electrodes can be decreased. 
[0022]According to the 2nd invention of this application, since the low pass filter of Mr. **** 
between each matching networks and electrodes is inserted, can decrease the reflection 
electric power which returns to the RF generator for electrodes, simultaneously depend it also 
on plasma generation conditions, but. Nonmal operation of automatic matching is securable. 
[0023]Since double largest harmonic ingredients can be intercepted among the frequency 
components of reflection electric power if the frequency of the high frequency voltage which 
impresses the cutoff frequency of a low pass filter to an electrode is smaller than twice and it 
carries out in the 1st and 2nd invention of the above, Reduction of reflection electric power and 
nonnalization of automatic matching operation can be attained further. If a means to impress 
high frequency voltage to a sample table is formed, the ion energy which reaches a substrate 
is controllable. 

[0024]According to the 3rd invention of this application, between each RF generator for 
electrodes and matching network, A low cut off frequency is smaller than the frequency of the 
high frequency voltage impressed to each electrode more greatly than the frequency of the 
high frequency voltage impressed to a sample table, Since the band pass filter with a larger 
treble cut off frequency than the frequency of the high frequency voltage impressed to each 
electrode is inserted, the reflection electric power which returns to the RF generator for 
electrodes can be decreased controlling the ion energy which reaches a substrate. 
[0025]Since the band pass filter of Mr. **** between each matching networks and electrodes is 
inserted according to the 4th invention of this application, Although the reflection electric power 
which returns to the RF generator for electrodes can be decreased, simultaneously is 
depended also on plasma generation conditions, controlling the ion energy which reaches a 
substrate, normal operation of automatic matching is securable. 

[0026]Since double largest harmonic ingredients can be intercepted among the frequency 
components of reflection electric power if the frequency of the high frequency voltage which 
impresses the treble cut off frequency of a band pass filter to an electrode is smaller than twice 
and it carries out also in the 3rd and 4th invention, Reduction of reflection electric power and 
normalization of automatic matching operation can be attained further. 
[0027] 

[Example]Hereafter, the plasma treatment apparatus of this invention is explained with 
reference to drawing 1 about the 1 st example applied to formation of the silicon oxide by 
plasma CVD method. 

[0028]ln drawing 1 in which the composition of the plasma treatment apparatus of this example 
is shown, the three electrodes 2, 3, and 4 are arranged in the vacuum housing 1, and RF 
generators 8, 9, and 10 for electrodes are connected to each electrodes 2, 3, and 4 via the 
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matching networks 5. 6, and 7. The high frequency voltage impressed to the electrodes 2, 3. 
and 4 by RF generators 8, 9, and 10 for electrodes has almost equal amplitude, 120 degrees 
of phases are mutually shifted at a time, and the frequency is 60 MHz. Between RF generators 

8, 9, and 10 for electrodes, and the matching networks 5, 6, and 7, the low pass filters 14, 15, 
and 16 whose cutoff frequency is 65 MHz are inserted. 

[0029]Exhausting SIH^ gas in the vacuum housing 1, carrying out 20sccm introduction of 
lOsccm and the gas, and maintaining the inside of the vacuum housing 1 at SOmTorr. 

When high frequency voltage was impressed to the electrodes 2, 3, and 4 by RF generators 8, 

9, and 10 for electrodes, plasma occurred in the vacuum housing 1 and silicon oxide was able 
to be deposited to the substrate 12 laid in the sample table 1 1 . Although it supplied 200W of 
high-frequency power at a time to each electrodes 2, 3, and 4, respectively and control of the 
matching networks 5, 6, and 7 was performed manually, the reflection electric power which 
returned to each RF generators 8, 9, and 10 for electrodes was less than 1W. 
[0030]When the low pass filters 14, 15, and 16 were removed and the same experiment was 
conducted for comparison, the reflection electric power which returned to each RF generator 
for electrodes was 15-25W. 

[0031]Next, the plasma treatment apparatus of this invention is explained with reference to 
drawing 2 about the 2nd example applied to formation of the silicon oxide by plasma CVD 
method. The reference number same about the same component as the 1st example shown in 
drawing 1 is attached, and explanation is omitted. 

[0032]ln this example, the frequency of RF generators 8, 9, and 10 for electrodes is 50 MHz, 
and the low pass filters 14. 15, and 16 whose cutoff frequency is 55 MHz are inserted between 
the matching networks 5, 6, and 7 and the electrodes 2, 3, and 4. 
[0033]Exhausting SiH^ gas in the vacuum housing 1, carrying out 20sccm introduction of 

lOsccm and the gas, and maintaining the inside of the vacuum housing 1 at 30mTorr. 

When high frequency voltage was impressed to the electrodes 2, 3, and 4 by RF generators 8, 
9, and 10 for electrodes, plasma occurred in the vacuum housing 1 and silicon oxide was able 
to be deposited to the substrate 12 laid in the sample table 1 1 . Although it supplied 200W of 
high-frequency power at a time to each electrodes 2, 3, and 4, respectively and control of the 
matching networks 5, 6, and 7 was performed automatically, the reflection electric power which 
returned to each RF generators 8, 9, and 10 for electrodes was less than 1W. 
[0034]When the low pass filters 14, 15, and 16 were removed and the same experiment was 
conducted for comparison, the reflection electric power which returned to each RF generator 
for electrodes was 15-25W. Control of the matching network was not able to be performed 
automatically. 

[0035]Next, the plasma treatment apparatus of this invention is explained with reference to 
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drawing 3 about the 3rd example applied to the dry etching of silicon oxide. The reference 
number same about the same component as the 1st example shown in drawing 1 is attached, 
and explanation is omitted. 

[0036]ln this example, the high frequency voltage of 13.56 MHz is impressed to the sample 
table 1 1 by RF generator 13 for sample tables. The band pass filters 17, 18, and 19 whose 
treble cuts off frequency a low cut off frequency is 65 MHz in 55 MHz are inserted between RF 
generators 8, 9, and 10 for electrodes, and the matching networks 5, 6, and 7. 
[0037]Exhausting carrying out 30sccm introduction of the CHF^ gas into the vacuum housing 

1, and maintaining the inside of the vacuum housing 1 at 50mTorr. When high frequency 
voltage was impressed to the electrodes 2, 3, and 4 by RF generators 8, 9, and 10 for 
electrodes, plasma occurred in the vacuum housing 1 and the silicon oxide on the substrate 12 
laid in the sample table 1 1 was able to be etched, each electrodes 2, 3, and 4 high- 
frequency power - respectively - 200 - although it supplied every [ W ], the high-frequency 
power of 150W was supplied to the sample table 1 1 and control of the matching networks 5, 6, 
and 7 was performed manually, the reflection electric power which returned to each RF 
generators 8, 9, and 10 for electrodes was less than 1 W. 

[0038]When the band pass filters 17, 18, and 19 were removed and the same experiment was 
conducted for comparison, the reflection electric power which returned to each RF generator 
for electrodes was 20-30W. 

[0039]Next, the plasma treatment apparatus of this invention is explained with reference to 
drawing 4 about the 4th example applied to the dry etching of silicon oxide. The reference 
number same about the same component as the 3rd example shown in drawing 3 is attached, 
and explanation is omitted. 

[0040]ln this example, the frequency of RF generators 8, 9, and 10 for electrodes is 50 MHz, 
between the matching networks 5, 6, and 7 and the electrodes 2, 3, and 4, a low cut off 
frequency is 45 MHz, and the band pass filters 17, 18, and 19 whose treble cuts off frequency 
are 55 MHz are inserted. 

[0041]Exhausting carrying out 30sccm introduction of the CHF^ gas into the vacuum housing 

1, and maintaining the inside of the vacuum housing 1 at 50mTorr. When high frequency 
voltage was impressed to the electrodes 2, 3, and 4 by RF generators 8, 9, and 10 for 
electrodes, plasma occurred in the vacuum housing 1 and the silicon oxide on the substrate 12 
laid in the sample table 1 1 was able to be etched, each electrodes 2, 3, and 4 - high- 
frequency power - respectively - 200 - although it supplied every [ W ], the high-frequency 
power of 150W was supplied to the sample table 1 1 and control of the matching networks 5, 6, 
and 7 was performed automatically, the reflection electric power which returned to each RF 
generators 8, 9, and 10 for electrodes was less than 1 W. 

[0042]When the band pass filters 17, 18, and 19 were removed and the same experiment was 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fww 1 2/1 1/2008 



JP,08-316214,A PETAILED DESCRIPTION] 



Page 7 of 8 



cx)nducted for comparison, the reflection electric power which returned to each RF generator 
for electrodes was 20-30W. Control of the matching network was not able to be performed 
automatically. 

[0043]Although each above-mentioned example described the example which applied this 
invention to the plasma CVD device and the dry etching system, the scope of this invention is 
not limited to this. For example, it is applicable to a sputtering system, ion implantation 
equipment, a doping system, etc. 

[0044] Although the case where the number of electrodes was three was mentioned as the 
example and each above-mentioned example explained it, the same effect can be acquired 
also when the number of electrodes is four or more. 
[0045] 

[Effect of the lnvention]According to the plasma treatment apparatus of the 1st invention of this 
application, so that clearly from the above explanation. Since the low pass filter with larger 
cutoff frequency than the frequency of the high frequency voltage impressed to an electrode is 
inserted between the RF generator for electrodes, and a matching network, the reflection 
electric power which returns to the RF generator for electrodes can be decreased. 
[0046]According to the 2nd invention of this application, since the low pass filter of Mr. **** 
between each matching networks and electrodes is inserted, can decrease the reflection 
electric power which returns to the RF generator for electrodes, simultaneously depend it also 
on plasma generation conditions, but. Normal operation of automatic matching is securable. 
[0047]Since double largest harmonic ingredients can be intercepted among the frequency 
components of reflection electric power if the frequency of the high frequency voltage which 
impresses the cutoff frequency of a low pass filter to an electrode is smaller than twice and it 
carries out in the 1st and 2nd invention of the above. Reduction of reflection electric power and 
normalization of automatic matching operation can be attained further. If a means to impress 
high frequency voltage to a sample table is formed, the ion energy which reaches a substrate 
is controllable. 

[0048]According to the 3rd invention of this application, between each RF generator for 
electrodes and matching network, A low cut off frequency is smaller than the frequency of the 
high frequency voltage impressed to each electrode more greatly than the frequency of the 
high frequency voltage impressed to a sample table, Since the band pass filter with a larger 
treble cut off frequency than the frequency of the high frequency voltage impressed to each 
electrode is inserted, the reflection electric power which returns to the RF generator for 
electrodes can be decreased controlling the ion energy which reaches a substrate. 
[0049]Since the band pass filter of Mr. **** between each matching networks and electrodes is 
inserted according to the 4th invention of this application, Although the reflection electric power 
which returns to the RF generator for electrodes can be decreased, simultaneously is 
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depended also on plasma generation conditions, controlling the ion energy which reaches a 
substrate, normal operation of automatic matching is securable. 
[0050]Since double largest hannonic ingredients can be intercepted among the frequency 
components of reflection electric power if the frequency of the high frequency voltage which 
Impresses the treble cut off frequency of a band pass filter to an electrode is smaller than twice 
and it carries out also in the 3rd and 4th invention, Reduction of reflection electric power and 
nomialization of automatic MATCHINKU operation can be attained further. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] lt is a lineblock diagram of the plasma treatment apparatus in the 1st example of 
this invention. 

[Drawing 2] It is a lineblock diagram of the plasma treatment apparatus in the 2nd example of 
this Invention. 

[Drawing 3] lt is a lineblock diagram of the plasma treatment apparatus in the 3rd example of 
this invention. 

[Drawing 4] lt is a lineblock diagram of the plasma treatment apparatus in the 4th example of 
this invention. 

[Drawing 5] lt is a lineblock diagram of the plasma treatment apparatus in a conventional 
example. 

[Description of Notations] 

I Vacuum housing 
2, 3, and 4 Electrode 

5, 6, 7 matching networks 

8, 9, and 10 RF generator for electrodes 

I I Sample table 
12 Substrate 

14, 15, and 16 Low pass filter 
17, 18, and 19 Band pass filter 
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DRAWINGS 



[Drawing 1] 




[Drawing 21 
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[Drawing 4 ] 
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CLAIMS 

[Claim(s)] 

[Claim 1]Three or more electrodes are arranged in a vacuum housing, and each electrode is 
connected with an RF generator for electrodes via a matching network, respectively, A phase 
Impresses high frequency voltage which is different in arrangement order to each of three or 
more electrodes, and plasma is generated, A plasma treatment apparatus which is a plasma 
treatment apparatus which processes a substrate laid in a sample table formed in a vacuum 
housing, and is characterized by inserting a low pass filter with larger cutoff frequency than 
frequency of high frequency voltage impressed to each electrode between each RF generator 
for electrodes and matching network. 

[Claim 2]Three or more electrodes are arranged in a vacuum housing, and each electrode is 
connected with an RF generator for electrodes via a matching network, respectively, Are a 
substrate laid in a sample table which a phase impressed high frequency voltage which is 
different in arrangement order to each of three or more electrodes, was made to generate 
plasma, and was formed in a vacuum housing a plasma treatment apparatus to process, and 
between each matching network and electrode, A plasma treatment apparatus inserting a low 
pass filter with larger cutoff frequency than frequency of high frequency voltage impressed to 
each electrode. 

[Claim 3]The plasma treatment apparatus according to claim 1 or 2, wherein cutoff frequency 
of a low pass filter is smaller than the twice of frequency of high frequency voltage impressed 
to each electrode. 

[Claim 4]The plasma treatment apparatus according to claim 1 or 2 having a means to impress 
high frequency voltage to a sample table. 

[Claim 5]Three or more electrodes are arranged in a vacuum housing, and each electrode is 
connected with an RF generator for electrodes via a matching network, respectively, A phase 
impresses high frequency voltage which is different in arrangement order to each of three or 
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more electrodes, and plasma is generated, It is a plasma treatment apparatus which 
processes a substrate laid in a sample table formed in a vacuum housing, Have a means to 
impress high frequency voltage whose frequency is lower than high frequency voltage 
impressed to each electrode to a sample table, and between each RF generator for electrodes 
and matching network, A plasma treatment apparatus inserting a band pass filter with a low cut 
off frequency smaller than frequency of high frequency voltage impressed to each electrode 
more greatly than frequency of high frequency voltage impressed to a sample table, and a 
larger treble cut off frequency than frequency of high frequency voltage impressed to each 
electrode. 

[Claim 6]three or more electrodes are arranged in a vacuum housing - each of each electrode 
it being connected with an RF generator for electrodes via a matching network, and, A phase 
impresses high frequency voltage which is different in arrangement order to each of three or 
more electrodes, and plasma is generated. Are a plasma treatment apparatus which 
processes a substrate laid in a sample table formed in a vacuum housing, have a means to 
impress high frequency voltage whose frequency is lower than high frequency voltage 
impressed to each electrode to a sample table, and between each matching network and 
electrode, A plasma treatment apparatus inserting a band pass filter with a low cut off 
frequency smaller than frequency of high frequency voltage impressed to each electrode more 
greatly than frequency of high frequency voltage impressed to a sample table, and a larger 
treble cut off frequency than frequency of high frequency voltage impressed to each electrode. 
[Claim 7]The plasma treatment apparatus according to claim 5 or 6, wherein a treble cut off 
frequency of a band pass filter is smaller than the twice of frequency of high frequency voltage 
impressed to each electrode. 



[Translation done.] 
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